The anisotropic two-dimensional (2D) van der Waals (vdW) layered materials, with both scientific interest and potential application, have one more dimension to tune the properties than the isotropic 2D materials. The interlayer vdW coupling determines the properties of 2D multi-layer materials by varying stacking orders. As an important representative anisotropic 2D materials, multilayer rhenium disulfide (ReS 2 ) was expected to be random stacking and lack of interlayer coupling. Here, we demonstrate two stable stacking orders (aa andāb) of N layer (NL, N>1) ReS 2 from ultralow-frequency and high-frequency Raman spectroscopy, photoluminescence spectroscopy and first-principles density functional theory calculation. Two interlayer shear modes are observed in aa-stacked NL-ReS 2 while only one interlayer shear mode appears ināb-stacked NL-ReS 2 , suggesting anisotropic-like and isotropic-like stacking
layer coupling, 11, 16, 28 as a consequence, bulk ReS 2 exhibits monolayer behavior due to electronic and vibrational decoupling in bulk ReS 2 . 16 Here, two stable stacking orders in multilayer ReS 2 , aa andāb stackings, have been identified by Raman and photoluminescence (PL) spectroscopies, which are further confirmed by the density functional theory (DFT) calculations. Two shear (C) modes are observed in the aa-stacked bilayer (2L) ReS 2 , indicating an anisotropic structure. However, theāb-stacked 2L-ReS 2 exhibits an isotropic feature because only one C mode is observed in theāb-stacked 2L-ReS 2 . The observation of ultralow-frequency interlayer vibration modes suggests that multilayer ReS 2 with both the two stacking orders shows unexpected significant interlayer couplings, the strengths of which are 55-90% to those of multilayer MoS 2 . Moreover,
The two stacking ways in multilayer ReS 2 can be clearly identified by their high-frequency Raman modes and PL spectra. The discovery of strong interlayer coupling and polytypism in multi-layer which crystallize in the hexagonal (H) phases, ReS 2 crystals exhibit a distorted CdCl 2 -type lattice structure. 29 Owing to the Peierls distortion, 30 four adjacent Re atoms are bonded together to form a zigzag chain, 31 oriented along the direction of lattice vector a (see Fig. 1(a) ). Interlayer vibration modes were used to characterize the interlayer coupling 4, 12, 19, 33 and the stacking orders 21, 23, 24, 26, 34 of multilayer flakes of 2D materials. In particular, the shear (C) modes are very sensitive with the stacking condition. 23 For example, in the AB-stacked bilayer graphene (BLG), 19 the C mode is at 32 cm −1 , but it cannot be observed in the twisted bilayer graphene (tBLG), 23 due to the periodicity mismatch between two twisted layers. However, the twisting at the interface of twisted multilayer graphenes (MLG) does not substantially modify the frequency of the layer breathing (LB) modes because the interlayer distance is nearly unchanged after twisting. 26 On the other hand, in the twisted 2L-MoS 2 , the LB modes slightly soften from that of AB-stacked 2L-MoS 2 , 35 due to the twisting induced increase of the interlayer distance. 35, 36 For in-plane isotropic 2D materials, such as MLG 19 Ultralow-frequency (ULF) Raman spectroscopy 19 is used to further identify the interlayer coupling and the stacking orders ReS 2 flakes SA and SB, as shown in Fig. 1 respectively, and the mode at 15.1 cm −1 in flake SB as C 21 . Two C modes observed in the SA flake indicate its anisotropic-like feature, similar to the BP case. 14, 38 However, only one C mode is observed in the SB flake, suggesting its isotropic-like feature, similar to the case of multilayer MoS 2 and MLG. 19, 33 All of the interlayer C and LB modes shows a polarization dependence on the mode intensity, as depicted in Fig In a bilayer 2D system, the frequency difference between C x and C y is dependent on the lattice constant difference between the direction a and b. For example, the |a| and |b| are 3.32 and 4.58 Åin BP, 5 which leads to that the frequencies of C x and C y in 2L-BP are 13.7 and 36.5 cm −1 . 14, 38 The difference between |a| and |b| of aa-2L-ReS 2 is bigger than that ofāb-2L-ReS 2 , which indicates that the frequency difference between the C x and C y modes of aa-2L-ReS 2 is bigger than that of theāb-2L-ReS 2 . The frequency difference of the two C modes in the flake SA is 3.7 cm −1 , and that in the flake SB is expected to be small so that only one C mode observed in the flake SB. Thus, we identify the flake SA as aa-2L-ReS 2 , and the flake SB asāb-2L-ReS 2 .
As shown in Fig. 2(c is expected to be the most stable configuration, the aa-2L-ReS 2 is more frequently exfoliated in the experiment. Indeed, the 80% of the exfoliated 2L-ReS 2 exhibit the two C modes in the ULF Raman spectra.
ULF Raman spectroscopy is further applied for NL ReS 2 (N>2). We find that for each NLReS 2 , the ULF Raman spectra can be divided into two categories, which exhibit different spectral features in mode number and peak position. After analyzing the peak position for each mode in these two categories, we find that the two categories of NL ReS 2 correspond to the aa and ab stacking configurations as addressed above in 2L-ReS 2 , and are denoted as aa-NL-ReS 2 and ab-NL-ReS 2 (N>1), respectively. The ULF Raman spectra of aa-NL-ReS 2 andāb-NL-ReS 2 are depicted in Fig.3(a) and Fig.3(b) , respectively, together with the data from 1L ReS 2 presented for comparison. The linear chain mode (LCM) can be used to describe the N-dependent interlayer mode frequency where only the nearest-neighbor interlayer interaction is considered. 19 The frequency of N-1 LB modes of in NL ReS 2 can be given as follows: 33
where j is an integer, j = N-1, N-2,..., 2,1. The above equation can also be applied to the C Fig. 4(c) . Therefore, Pos(mb)-Pos(ma) can be used to identify N and the stacking way, similar to the case of few-layer MoS 2 . 4 The inset in Fig. 4(c) shows the atomic displacement of the ma and mb modes. For a traditional TMD, such as MoS 2 , we denote the mode with large weight of out-of-plane vibrations as the A glike mode, and the one with large weight of in-plane vibrations as the E g -like mode. 39 Thus, the ma and mb modes are the A g -like and E g -like modes, respectively. In general, the intra-layer mode can be stiffened by the interlayer vdW coupling and be softened by the long-range Coulomb screen. 39 The overall strength between the two interactions determines the mode to be stiffened or softened with increasing N. Both the interlayer coupling and long-range Coulomb screen are sensitive with the stacking ways. The calculated frequencies of the ma and mb modes of 1L ReS 2 , aa-2L-ReS 2 andāb-2L-ReS 2 by DFPT are summarized in Table S1 The bandgaps of aa-andāb-NL-ReS 2 are measured by PL spectra, as shown in Fig. 5(a) . In conclusion, two stable stacking orders (aa andāb) in the 2L ReS 2 has been identified by ultralow-frequency Raman spectroscopy and the first-principles calculation, which indicates the significant interlayer coupling in 2L ReS 2 , in different from the previously believed noninteraction. According to N-dependent frequency evolution of the C and LB modes, the aa and ab stacking orders also exist in multi-layer ReS 2 and the corresponding N-dependent frequency of C and LB modes can be well predicted by the linear chain model. The N-dependent highfrequency Raman modes and PL spectra further confirm the existence of the aa andāb stacking orders in multi-layer ReS 2 . The isotropic interlayer shear coupling with the appearance of one C mode, Pos(mb)-Pos(ma) and peak profile can be used to distinguishāb-stacked NL-ReS 2 from aa-stacked ones. This study pave the way to explore interlayer coupling, layer stacking, electronic and optical properties of other 2D anisotropic materials.
Methods

Sample
The ReS 2 flakes were prepared on Si/SiO 2 substrates from a bulk crystal (2D semiconductors Inc)
by the standard micromechanical exfoliation method. 1
Optical contrast
Micro-Raman confocal system and a ×50 objective with a numerical aperture of 0. 
Raman and photoluminescence spectroscopies
Raman and PL spectra are measured at room temperature using a Jobin-Yvon HR800 micro-Raman system equipped with a liquid-nitrogen-cooled charge couple detector (CCD), a ×100 objective 
Density functional theory calculation
Density functional theory calculations were performed using the generalized gradient approximation for the exchange-correlation potential, the projector augmented wave method 40, 41 and a plane-wave basis set as implemented in the Vienna ab-initio simulation package (VASP). 42 Phononrelated properties were calculated with VASP based on density functional perturbation theory (DFPT). 43 The energy cut-off for the plane-wave basis was set to 700 eV for all calculations.
A 2×2 supercell containing two ReS 2 layers and a vacuum layer of 16 Å was adopt to consider the distorted lattice with a k-mesh of 7×7×1 to sample the first Brillouin zone of few-layered ReS 2 .
Van der Waals interactions were considered at the vdW-DF 44, 45 level with the optB86b exchange functional (optB86b-vdW) 46 ,47 for geometry optimization, which was found to be more accurate in describing structural properties of layered materials. 26, [48] [49] [50] The shape (in-plane lattice parameters) of each supercell was fully optimized and all atoms in the supercell were allowed to relax until the residual force per atom was less than 0.001 eV·Å −1 . In electronic bandstructure calculations, the lattice constants were kept fixed to the 2L values for multilayers, and the residual forces of all atoms in each supercell were fully relaxed to less than 0.01 eV·Å −1 . 
